polymerase I large fragment, and the amino-terminusencoding part of the recA gene was subcloned as a Sac II/EcoRI fragment in plasmid pUC18, which had been cut with EcoRI and Sma I, yielding plasmid pRecA-1. The same plasmid was digested with Hinfl, the ends were rendered blunt, and the carboxyl-terminus-encoding part of the recA gene was subcloned in pUC19 (EcoRI/Sma I) as a HinflI/EcoRI fragment, yielding plasmid pRecA-2. The amino-terminusencoding part was further modified.
carrying a translation initiation codon was fused 5' to the nt-RecA coding sequence. Both recA and nt-recA sequences were placed under transcriptional control of the CaMV 35S promoter and supplied 3' with a eukaryotic polyadenylylation signal (Fig. 1) . Finally, the genes were inserted into a binary vector suitable for Agrobacterium-mediated plant transformation, using the Sulr gene to select transformed plants (Fig. 1) In the control, protoplasts were prepared from axenic tobacco SR1 wild-type plants, and parallel preparations were treated with various concentrations of mitomycin C. Subsequently the protoplasts were cultivated in a bead-type culture in the presence of mitomycin C. Untreated protoplasts actively divided and formed microcalli within a period of 4-8 weeks. In a typical experiment, 10-20% of the untreated protoplasts plated grew to microcalli. Increasing concentrations of mitomycin C progressively inhibited the formation of microcalli (Fig. 2) . No growth (less than 10-5 of control values) was observed at concentrations of 40 ,ug/ml and above. The survival curve showed a low-dose shoulder which could be explained by the activity of repair mechanisms leading to resistance to mitomycin C. The survival curve became semilogarithmic at high doses of mitomycin C. This damage could apparently no longer be repaired by the endogenous repair mechanisms.
Protoplasts of a plant homozygous for the recA transgene (G64/2) were significantly more resistant to the toxic effect of mitomycin C than were control cells. At mitomycin C concentrations of 40 ,g/ml more than 0.1% of the cells survived and grew to microcalli (Fig. 2) . However, no recA transgenic cells (less than 10-5 of control values) grew at mitomycin C concentrations of 50 ,ug/ml and above. In contrast, more than 0.1% nt-recA transgenic protoplasts (homozygous G63/19) were able to grow and regenerate at mitomycin C concentrations of up to 60 jtg/ml, the highest concentration tested (Fig. 2) .
Intrachromosomal Recombination of a Chromosomal
Marker Is Stimulated by RecA and nt-RecA. To study the process of intrachromosomal recombination in plants, Peter under sterile culture conditions without further selection, and leaf mesophyll protoplasts were prepared. Protoplasts were plated and cultured until microcalli appeared. The number of protoplasts forming microcalli in the absence of selection (regeneration frequency) was determined for each batch of protoplasts and found to be about 20-30% of all protoplast preparations. The number of protoplasts regenerating in the presence of kanamycin was determined. The frequency of intrachromosomal recombination was calculated from the number of microcalli which grew on kanamycin versus the total number of calli appearing on nonselective medium. Twenty kanamycin-resistant microcalli were selected at random for regeneration into plants. All regenerated plants formed roots on kanamycin-containing medium, confirming that calli which grew in the presence of kanamycin were indeed resistant to the antibiotic.
The frequency of intrachromosomal recombination was found to be 1.04 x 10-5 in the control line SRlhph2. In contrast, the frequencies in G64/2 x SRlhph2 and G63/19 x SRlhph2 were found to be 5.37 X 10-5 and 10.3 x 10-5, respectively (Fig. 3) . Since the control line SRlhph2 was homozygous, but all individuals resulting from crosses are heterozygous for the hph2 locus and since Peterhans et al. (14) have shown that the frequency of intrachromosomal recombination is directly proportional to the number of target loci, the stimulation of homologous recombination by RecA and nt-RecA, respectively, might actually be twice as much as found experimentally. These data show that the RecA protein, (Fig. 2) .
At higher mitomycin C concentrations it is expected that the DNA sustains damage at many sites, saturating the repair system. In RecA-and, more clearly, in nt-RecA-expressing plant cells, the low-dose shoulder was shifted to higher mitomycin C concentrations. Mitomycin C induces formation of interstrand crosslinks (7) . These might give rise to potentially lethal but recombinogenic DNA structures, which might result from excision repair as is the case for psoralen crosslinks (22) or blockage of semiconservative DNA replication (23) . If the mechanism responsible for repair of mitomycin C damage at lower concentrations is based on homologous recombination, this would lead to lethality at higher mitomycin C concentrations when the number of such structures exceeds the capacity of repair by homologous recombination. Evaluation of the dose-response curves (Fig. 2) as described by Friedberg (24) suggests that nt-RecA expression provides the cells with the capacity to repair damage caused by mitomycin C at concentrations up to 50 ,Lg/ml, whereas the endogenous repair mechanism in wild-type tobacco protoplasts can repair damage caused by mitomycin C at concentrations only up to 15 ,tg/ml.
Intrachromosomal recombination, between incomplete 5' and 3' segments of nptll with a 352-bp region of homology and separated by a hygromycin resistance gene in line SRlhph2 (14) , was stimulated 10-fold by nt-RecA. Since Peterhans et al. (14) have shown that all kanamycin-resistant plants resulting from (25) . However, interaction with other proteins may be necessary in vivo-e.g., with DMC1 (26) and RAD52 (27) 
